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(57) Abstract 

To elucidate molecular mechanisms in learning and memory, the expression of mRNAs in brains of rabbits undergoing eyeblink 
conditioning was analyzed. Infusion of the transcription inhibitor actinomycin D (ActD) into the cerebellar nuclei reversibly blocked 
learning but not performance of the CR. Differential display PCR (DD-PCR) analysis of cerebellar RNAs from trained and pseudo-trained 
rabbits identified a 207-bp band that was induced with learning. The fragment was used to isolate a cDNA from a Agtl 1 rabbit brain 
library containing a 1698-bp open-reading frame. The genomic sequence also has been obtained and is reported. The deduced amino acid 
sequence contains the KKIAMRE motif, which is conserved among cdc2-related kinases. These results suggest that there is a new category 
of cdc2-related kinases in the brain whose function may be important in learning and memory. 
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cDNA, GENOMIC, AND PREDICTED PROTEIN SEQUENCES 
OF LEARNING-INDUCED KINASES 

RELATED APPLICATION DATA 

This application claims priority to provisional application Serial No. 
5 60/102,906, filed October 2, 1998. 

GOVERNMENT SUPPORT 

The U.S. Government has certain rights in this invention pursuant to NSF 
grant number IBN 921 5069, and NIA grant number AF 05 1 42. 

FIELD OF THE INVENTION 

10 The present invention provides novel polynucleotides and polypeptides 

encoded by such polynucleotides. This invention relates generally to the field of 
learning-induced protein kinases. 

BACKGROUND 

Classical conditioning of the eyeblink/nictitating membrane (NM) response is 
1 5 a useful behavioral model for investigating the neural substrates underlying basic 
associative learning and memory (Thompson and Krupa, 1994). Several lines of 
evidence have pointed to the cerebellum as a critical structure in the formation and 
storage of the memory trace in eyeblink conditioning. The neural output from the 
cerebellar (interpositus) deep nuclei to target structures forms the essential efferent 
20 pathway in this type of learning (Thompson, 1986; Krupa et al., 1993; Kim et al., 
1997). The cerebellum receives projections from mossy fibers and climbing fibers, 
which are thought to convey information about the conditioned stimulus (CS) and 
unconditioned stimulus (US), respectively. The CS and US signals converge in the 
cerebellar cortex and deep nuclei (Ito, 1984; Thompson, 1986). The convergence of 
25 these two inputs also fulfills the condition required for the induction of cerebellar 
long-term depression (LTD) (Ito, 1989; Linden and Conner, 1995). 

Recent studies of eyeblink conditioning in various gene knockout mice have 
shown that deficits in cerebellar LTD correlated with impairment in eyeblink 
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conditioning (Aiba et al., 1994; Shibuki et al., 1996). Purkinje cell degeneration (pcd) 
mutant mice, which lack cortical efferents to the deep nuclei, exhibited a marked 
impairment in eyeblink conditioning (Chen et al., 1996), but significant learning did 
occur. Substantial impaimient in eyeblink conditioning has also been reported in 

5 rabbits with lesions limited to cerebellar cortex (Lavond et al., 1 987; Lavond and 
Steinmetz, 1989a; Yeo et al., 1985b). In contrast, lesions of the cerebellar deep 
nuclei, in particular the dorsal anterior interpositus nucleus (IN), completely prevented 
learning in naive animals and permanently abolished conditioned responses (CRs) in 
well-trained animals (Krupa, 1993; McCoimick et al., 1982; Lincoln et al., 1982; Yeo 

10 et al., 1985a; Clark et al., 1992; Steinmetz et al., 1992). Such effective lesions had no 
persisting effects on any aspect of the reflex unconditioned response (UR) (Steinmetz 
et al., 1992; Ivkovich et al., 1993). Finally, reversible inactivation of the IN during 
training completely prevented learning but reversible inactivation of the immediate 
output from the IN, the superior cerebellar peduncle, and its target, the red nucleus, 

5 did not prevent learning at all (Clark and Lavond, 1 996; Clark et al., 1 992; Krupa 
et al.. 1993; Krupa and Thompson, 1995; 1997; Nordholm et al., 1993). Thus, within 
the neural circuitry involved in eyeblink conditioning, the IN represents a critical 
locus for the acquisition and expression of the CR. 

Much experimental evidence also supports the idea that the synthesis of new 

0 RNAs or proteins are necessary for long-term changes in synaptic efficacy associated 
with long-term memory formation (Agranoff, 1967; Barondes and Cohen, 1966; 
Davis and Squire, 1984). For example, transcription and translation inhibitors 
blocked long term faciUtation of the gill-withdrawal reflex in Aplysia (Montarolo et 
al., 1 986). Long term memory was further shown to require the activation of the 

5 transcription factor CREB in some anunal models (Kaang et al., 1 993; Bourtchuladze 
et al., 1994; Yin et al., 1994). As for eyeblink conditioning, infusion of the protein 
synthesis inhibitor anisomycin into the IN interfered with conditioning in the rabbit 
(Bracha and Bloedel, 1996). In this patent, we report our studies to further unravel the 
molecular pathways underlying eyeblink conditioning. We first demonstrated that 

) inhibition of RN A synthesis in the interpositus nuclear cells interfered with the 
acquisition of CRs. Next, we applied the method of differential display PCR (DD- 



wo 00/20567 PCT/US99/23010 

3 

PGR) (Liang and Pardee, 1992) to examine changes in gene expression tiiat 
accompanied eyeblink conditioning. We identified RNA molecules that were induced 
with conditioning. The cDNA cloning and sequence analyses showed that the 
expressed gene was the KKIAMRE kinase, a member of the cdc2-related and MAP 
S kinase family. 

SUMMARY OF THE INVENTION 

The invention describes the cDNA sequence, the deduced amino acid 
sequence, and the genomic sequence of a learning-induced kinase, KKIAMRE kinase, 
expressed in rabbit brain during classical conditioning. 

1 0 Polynucleotides include those with sequences substantially equivalent to 

including fragments thereof Polynucleotides of the present invention also include, 
but are not limited to, polynucleotides complementary to the aforementioned cDNA 
and genomic DNA polynucleotide sequences. 

Polynucleotides according to the invention have numerous applications in a 

1 5 variety of techniques known to those skilled in the art of molecular biology. These 
techniques include use as hybridization probes, use as oligomers for PGR, use as 
reagents to identify homologous genomic sequences, mRNA sequences, or cDNA 
sequences in the same or different species, use for chromosome and gene mapping, 
use in the recombinant production of protein, and use in generation of antisense DNA 

20 or RNA, their chemical analogs and the like. For example, when the expression of an 
mRNA is largely restricted to a particular cell or tissue type, polynucleotides of the 
invention can be used as hybridization probes to detect the presence of the particular 
cell or tissue mRNA using, e.g., in situ hybridization. 

The polypeptides according to the invention can be used in a variety of 

25 procedxires and methods that are currently applied to other proteins. For example, a 
polypeptide of the invention can be used to generate an antibody that specifically 
binds the polypeptide. The polypeptides of the invention also can be used for the 
study of mechanisms of leammg and memory. 

Methods are also provided for preventing, treating or ameliorating a medical 

30 condition which comprises administering to a mammalian subject a therapeutically 
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effective amount of a composition comprising a protein of the present invention or a 
polynucleotide of the present invention and a pharmaceutically acceptable carrier. In 
particular, the polypeptides and polynucleotides of the invention can be utilized, for 
example, as part of methods for improving learning and memory in normal subjects or 
5 to ameliorate learning and memory deficits in impaired subjects. In one embodiment, 
a polynucleotide of the invention is delivered to a patient in an appropriate vector that 
directs expression of the polypeptide in neuronal tissue. 

The methods of the present invention further relate to the methods for 
detecting the presence of the polynucleotides or polypeptides of the invention in a 
10 sample. Such methods can, for example, be utilized as a prognostic indicator of 
learning and memory impairment syndromes or deficits in affected subjects. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 . Infusion of ActD into the IN inhibited eyeblink conditioning. Graph 
shows average percent CRs for control (n = 5) and experimental (n = 7) animals. All 

1 5 subjects were trained with only 10 paired CS-US trials per day. The control group 
( • ) received ACSF infusion for the first 5 training days, 1 ng ActD on the 6th 
training day ), and 1 [ig muscimol on day 7 (■). The experimental group ) 
received infusion of 1 ng ActD each day for 5 days. After 2 days rest, experimental 
animals were trained without drug infusion for 5 more days (O). At day 1 1 , the 

20 experimental group was infused with l^ig of muscimol (•). 

Figure 2. Learning curves for animals used in DD-PCR analysis. Conditioned 
animals (closed symbols) were trained with the standard delay procedure (see text), 
100 trials per day. Control animals (open symbols) received unpaired CS and US 
stimuli. 

25 Figure 3. DD-PCR patterns of RNAs isolated from the cerebellar deep nuclei 

of CS-US paired and unpaired stimuli conditioned rabbits. Differential display 
reactions were performed using 5'-AAGCTrnTTTTTTTA-3' (SEQ ID NO: 1) as an 
anchored primer and 5'-AAGCTTTGGTCAG-3' (SEQ ID NO: 2) as a random 
arbitrary primer. The arrow indicates a PCR-amplified 207-bp cDNA fragment that 

30 appeared to be induced with paired training. 
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Figure 4. Nucleotide (SEQ ID NO: 3) and predicted amino acid sequence of 
Rbt KKIAMRE kinase (SEQ ID NO: 4). The deduced 566 amino acid sequence of 
the open reading frame is shown in standard single letter code. Asterisks show the in- 
frame stop codons in the S' and 3' untranslated regions. The 207-bp fragment near the 
5 3' end identified by DD-PCR is underlined. 

Figure 5. Comparison of the predicted amino acid sequences of the cdc2- 
related kinases and MAP kinases. Dashes indicate residues identical to Rbt 
KKIAMRE kinase, dots represent gaps in the sequence to optimize the alignment, and 
asterisks indicate stop codons. Boxes indicate the region of the conserved PSTAIRE 
10 motif in cdc2 used for the kinase nomenclature, as well as the conserved threonine (T) 
and tyrosine (Y) residues, the regulatory phosphorylation sites required for MAP 
kinase activation. 

Figure 6. Northern blot analysis of Rbt KKIAMRE kinase expression in naive 
rabbit. Three jxg of poly(A)H-RNA extracted from each brain region and peripheral 

15 tissue was hybridized with a 876-bp cDNA fragment in the coding region. Molecular 
weight standards are indicated by arrows on the left. 

Figure 7. In situ hybridization analysis of KKIAMRE kinase in rabbit brain. 
(A) A 30 |im coronal section of the cerebellum from a conditioned rabbit showing 
expression of Rbt KKIAMRE kinase in the granule cell layer, the cerebellar deep 

20 nuclei, and brainstem nuclei. (B) Prominent expression of Rbt KKIAMRE kinase is 
evident in the pyramidal cell layer of the hippocampus and the dentate granule cell 
layer. Weaker expression is observed in the cerebral cortex. Brain sections were 
hybridized with an 876-bp "^^S-UTP labeled riboprobe and exposed to film for 14 
days. Sections hybridized with the control sense riboprobe showed only background 

25 signal. 

Figure 8. RT-PCR/Southem blot analysis of gene expression in eyeblink 
conditioned rabbit. (A) Expression of Rbt KKIAMRE kinase in the cerebellar deep 
nuclei and cerebellar cortex. A 399-bp RT-PCR product was hybridized with a 677- 
bp cDNA fragment in the 3' non-coding region. Lanes Ul and U2 represent RNA 
30 from rabbits trained with unpaired stimuli and PI and P2 RNA from well-conditioned 
rabbits. For semi-quantitative analysis, serial dilutions of the control cDNA plasmid 
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was used for PGR: 2X10*^ copies (lane 1), 2 X 10^ copies (lane 2), 2X10"* copies 
(lane 3), 2 X 10^ copies (lane 4), 2 X 10^ copies (lane 5), and 2 X 10* (lane 6). PGR 
was performed for 30 cycles. (B) Expression of a control gene NF-L using the same 
RNA samples as in (A). A 699-bp fragment was amplified from 27 PGR cycles and 
5 hybridized with a 855-bp cDNA probe in the coding region. Gopy number of 

plasmids used for positive control PGR (lanes 1-6) was the same as mentioned above. 

Figure 9. Genomic DNA sequence of rbt KKIAMRE kinase (SEQ ID NO: 5). 
DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

1 0 The term "nucleotide sequence" refers to a heteropolymer of nucleotides or the 

sequence of nucleotides. One of skill in the art will readily discern from contextual 
. cues which of the two definitions is appropriate. The terms "nucleic acid" and 
"polynucleotide" are also used interchangeably herein to refer to a heteropolymer of 
nucleotides. Generally, nucleic acid segments provided by this invention may be 

1 5 assembled from fragments of the genome and short oligonucleotide linkers, or from a 
series of oligonucleotides, or from individual nucleotides, to provide a synthetic 
nucleic acid which is capable of being expressed in a recombinant transcriptional unit 
comprising regulatory elements derived from a microbial or viral operon, or a 
eukaryotic gene. 

20 The terms "oligonucleotide fragment" or a "polynucleotide fragment," 

"portion," or "segment" refer to a stretch of nucleotide residues which is long enough 
to use in polymerase chain reaction (PGR) or various hybridization procedures to 
identify or amplify identical or related parts of mRNA or DNA molecules. 

"Oligonucleotides" or "nucleic acid probes" refer to polynucleotides that may 
25 be prepared based on the polynucleotide sequences provided herein. Oligonucleotides 
comprise portions of such a polynucleotide sequence having at least about 15 
nucleotides and usually at least about 20 nucleotides. Nucleic acid probes comprise 
portions of such a polynucleotide sequence having fewer nucleotides than about 6 kb, 
usually fewer than 1 kb. After appropriate testing to eliminate false positives, these 
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probes may, for example, be used to deterniine whether specific mRNA molecules are 
present in a cell or tissue. 

The term "probes" includes naturally occurring or recombinant or chemically 
synthesized single- or double-stranded nucleic acids. They may be labeled by nick 
5 translation, Klenow fill-in reaction, PGR or other methods well known in the art. 
Probes of the present invention, their preparation and/or labeling are elaborated in 
Sambrook, J. et al., 1989. Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, New York; or Ausubel, F. et al., 1989, Current Protocols in Molecular 
Biology, John Wiley & Sons, New York, both of which are incorporated herein by 
1 0 reference in their entirety. 

The term "recombinant," when used herein to refer to a polypeptide or protein, 
means that a polypeptide or protein is derived from recombinant {e.g, , microbial or 
mammalian) expression systems. "Microbial" refers to recombinant polypeptides or 
proteins made in bacterial or fungal {e.g., yeast) expression systems. As a product, 
1 5 "recombinant microbial" defines a polypeptide or protein essentially fi-ee of native 
endogenous substances and unaccompanied by associated native glycosylation. 
Polypeptides or proteins expressed in most bacterial cultures, e.g., E. colU will be free 
of glycosylation modifications; polypeptides or proteins expressed in yeast will have a 
glycosylation pattern in general different fi-om those expressed in mammalian cells. 

20 The term "recombinant expression vehicle or vector" refers to a plasmid or 

phage or virus or vector, for expressing a polypeptide from a DNA (RNA) sequence. 
An expression vehicle can comprise a transcriptional unit comprising an assembly of 
(1) a genetic element or elements having a regulatory role in gene expression, for 
example, promoters or enhancers, (2) a structural or coding sequence which is 

25 transcribed into mRNA and translated into protein, and (3) appropriate transcription 
initiation and termination sequences. Structural units intended for use in yeast or 
eukaryotic expression systems preferably include a leader sequence enabling 
extracellular secretion of translated protein by a host cell. Alternatively, where 
recombinant protein is expressed without a leader or transport sequence, it may 

30 include an N-terminal methionine residue. This residue may or may not be 
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subsequently cleaved from the expressed recombinant protein to provide a final 
product. 

The term "recombinant expression system" means host cells which have stably 
integrated a recombinant transcriptional unit into chromosomal DN A or carry the 
5 recombinant transcriptional unit extrachromosomally. Recombinant expression 
systems as defined herein will express heterologous polypeptides or proteins upon 
induction of the regulatory elements linked to the DNA segment or synthetic gene to 
be expressed. This term also means host cells which have stably integrated a 
recombinant genetic element or elements having a regulatory role in gene expression, 
1 0 for example, promoters or enhancers. Recombinant expression systems as defined 
herein will express polypeptides or proteins endogenous to the cell upon induction of 
the regulatory elements linked to the endogenous DNA segment or gene to be 
expressed. The cells can be prokaryotic or eukaryotic. 

The term "open reading frame," ORF, means a series of nucleotide triplets 
1 5 coding for amino acids without any termination codons and is a sequence translatable 
into protein. 

The term "active" refers to those forms of the polypeptide which retain the 
biologic and/or immunologic activities of any naturally occurring polypeptide. 

The term "naturally occurring polypeptide" refers to polypeptides produced by 
20 cells that have not been genetically engineered and specifically contemplates various 
polypeptides arising from post-translational modifications of the polypeptide 
including, but not limited to, acetylation, carboxylation, glycosylation, 
phosphorylation, lipidation and acylation. 

The term "derivative" refers to polypeptides chemically modified by such 
25 techniques as ubiquitination, labeling {e.g,, with radionuclides or various enzymes), 
pegylation (derivatization v/ith polyethylene glycol) and insertion or substitution by 
chemical synthesis of amino acids such as ornithine, which do not normally occur in 
human proteins. 
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The term "recombinant variant" refers to any polypeptide differing from 
naturally occurring polypeptides by amino acid insertions, deletions, and 
substitutions, created using recombinant DNA techniques. Guidance in determining 
which amino acid residues may be replaced, added or deleted without abolishing 
5 activities of interest, such as cellular trafficking, may be found by comparing the 
sequence of the particular polypeptide with that of homologous peptides and 
minimizing the number of amino acid sequence changes made in regions of high 
homology. 

Preferably, amino acid "substitutions" are the result of replacing one amino 
1 0 acid with another amino acid having similar structural and/or chemical properties, Le. , 
conservative amino acid replacements. Amino acid substitutions may be made on the 
basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, 
and/or the amphipathic nature of the residues involved. For example, nonpolar 
(hydrophobic) amino acids include alanine, leucine, isoleucine, valine, proline, 
1 5 phenylalanine, tryptophan, and methionine; polar neutral amino acids include glycine, 
serine, threonine, cysteine, tyrosine, asparagine, and glutamine; positively charged 
(basic) amino acids include arginine, lysine, and histidine; and negatively charged 
(acidic) amino acids include aspartic acid and glutamic acid. "Insertions" or 
"deletions" are typically in the range of about 1 to 5 amino acids. The variation 
20 allowed may be experimentally determined by systematically making insertions, 
deletions, or substitutions of amino acids in a polypeptide molecule using 
recombinant DNA techniques and assaying the resulting recombinant variants for 
activity. 

Alternatively, where alteration of function is desired, insertions, deletions or 
25 non-conservative alterations can be engineered to produce altered polypeptides. Such 
alterations can, for example, alter one or more of the biological functions or 
biochemical characteristics of the polypeptides of the invention. For example, such 
alterations may change polypeptide characteristics such as ligand-binding aflBnities, 
interchain affinities, or degradation/turnover rate. Further, such alterations can be 
30 selected so as to generate polypeptides that are better suited for expression, scale up 
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and the like in the host cells chosen for expression. For example, cysteine residues 
can be deleted or substituted with another amino acid residue in order to eliminate 
disulfide bridges. 

As used herein, "substantially equivalent" can refer both to nucleotide and 
5 amino acid sequences, for example a mutant sequence, that varies from a reference 
sequence by one or more substitutions, deletions, or additions, the net effect of which 
does not result in an adverse functional dissimilarity between the reference and 
subject sequences. Typically, such a substantially equivalent sequence varies from 
one of those listed herein by no more than about 2% (/.e., the number of individual 

10 residue substitutions, additions, and/or deletions in a substantially equivalent 

sequence, as compared to the corresponding reference sequence, divided by the total 
number of residues in the substantially equivalent sequence is about 0.02 or less). 
Such a sequence is said to have 98% sequence identity to the listed sequence. In one 
embodiment, a substantially equivalent, e,g., mutant, sequence of the invention varies 

1 5 from a listed sequence by no more than 2% (98% sequence identity); in a variation of 
this embodiment, by no more than 0.5% (99.5% sequence identity); and in a further 
variation of this embodiment, by no more than 0.1% (99.9% sequence identity). 
Substantially equivalent, e.g., mutant, amino acid sequences according to the 
invention generally have at least 98% sequence identity with a listed amino acid 

20 sequence, whereas substantially equivalent nucleotide sequence of the invention can 
have lower percent sequence identities, taking into account, for example, the 
redundancy or degeneracy of the genetic code. For the purposes of determining 
equivalence, truncation of the mature sequence (e.g., via a mutation which creates a 
spurious stop codon) should be disregarded. 

25 Where desired, an expression vector may be designed to contain a "signal or • 

leader sequence" which will direct the polypeptide through the membrane of a cell. 
Such a sequence may be naturally present on the polypeptides of the present invention 
or provided from heterologous protein sources by recombinant DNA techniques. 

A polypeptide "fragment," "portion," or "segment" is a stretch of amino acid 
30 residues of at least about 5 amino acids, often at least about 7 amino acids, typically at 
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least about 9 to 13 amino acids, and, in various embodiments, at least about 17 or 
more amino acids. To be active, any polypeptide must have sufficient length to 
display biologic and/or immunologic activity. 

Alternatively, recombinant variants encoding these same or similar 
5 polypeptides may be synthesized or selected by making use of the "redundancy" in the 
genetic code. Various codon substitutions, such as the silent changes that produce 
various restriction sites, may be introduced to optimize cloning into a plasmid or viral 
vector or expression in a particular prokaryotic or eukaryotic system. Mutations in the 
polynucleotide sequence may be reflected in the polypeptide or domains of other 
1 0 peptides added to the polypeptide to modify the properties of any part of the 

polypeptide, to change characteristics such as ligand-binding affinities, interchain 
affinities, or degradation/turnover rate. 

The term "purified" used herein denotes that the indicated nucleic acid or 
polypeptide is present in the substantial absence of other biological macromolecules, 
1 5 e.g. , polynucleotides, proteins, and the like. In one embodiment, the polynucleotide 
or polypeptide is purified such that it constitutes at least 95% by weight, more 
preferably at least 99.8% by weight, of the indicated biological macromolecules 
present (but water, buffers, and other small molecules, especially molecules having a 
molecular weight of less than 1000 daltons, can be present). 

20 The term "isolated" as used herein refers to a nucleic acid or polypeptide 

separated from at least one other component (e.^. , nucleic acid or polypeptide) present 
with the nucleic acid or polypeptide in its natural source. In one embodiment, the 
nucleic acid or polypeptide is found in the presence of (if anything) only a solvent, 
buffer, ion, or other component normally present in a solution of the same. The terms 

25 "isolated" and "purified" do not encompass nucleic acids or polypeptides present in 
their natural source. 

The term "infection" refers to the introduction of nucleic acids into a suitable 
host cell by use of a virus or viral vector. 
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The term "transformation" means introducing DNA into a suitable host cell so 
that the DNA is replicable, either as an extrachromosomal element, or by 
chromosomal integration. 

The term "transfection" refers to the taking up of an expression vector by a 
5 suitable host cell, whether or not any coding sequences are in fact expressed. 

Each of the above terms is meant to encompasses all that is described for each, 
unless the context dictates otherwise. 

Polynucleotides and Nucleic Acids of the Invention 

Nucleotide and ammo acid sequences of the invention are reported below. The 
1 0 present invention also provides genes corresponding to the cDNA sequences disclosed 
herein. The corresponding genes can be isolated in accordance with known methods 
using the sequence information disclosed herein. Such methods include the 
preparation of probes or primers from the disclosed sequence information for 
identification and/or amplification of genes in appropriate genomic libraries or other 
1 5 sources of genomic materials. 

The compositions of the present invention include isolated polynucleotides, 
including recombinant DNA molecules, cloned genes or degenerate variants thereof, 
especially naturally occurring variants such as allelic variants, novel isolated 
polypeptides, and antibodies that specifically recognize one or more epitopes present 
20 on such polypeptides. 

Nucleic Acids of the Invention 

SEQ ID NOS: 3 and 5 are, respectively, cDNA and genomic DNA sequences 
that encode the polypeptide sequence of SEQ ID NO: 4. 

The proteins of the invention are also useful for making antibody substances 
25 that are specifically inmiunoreactive with KKIAMRE kinase. Antibodies and other 
small molecules which bind to the protein of the invention can act as blocking agents, 
or as activators. 
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In particular embodiments, the isolated polynucleotides of the invention 
include, but are not limited to, a polynucleotide comprising the nucleotide sequence of 
SEQ ID NO: 3 and SEQ ID NO: 5. 

The polynucleotides of the invention also provide polynucleotides including 
5 nucleotide sequences that are substantially equivalent to the polynucleotides recited 
above. Polynucleotides according to the invention can have at least about 95%, more 
typically at least about 99%, and even more typically at least about 99.5%, sequence 
identity to a polynucleotide recited above. The invention also provides the 
complement of the polynucleotides including a nucleotide sequence that has at least 

1 0 about 95%, more typically at least about 99%, and even more typically at least about 
99.5%, sequence identity to a polynucleotide encoding a polypeptide recited above. 
The polynucleotide can be DNA (genomic, cDNA, amplified, or synthetic) or RNA. 
Methods and algorithms for obtaining such polynucleotides are well known to those 
of skill in the art and can include, for example, methods for determining hybridization 

1 5 conditions that can routinely isolate polynucleotides of the desired sequence identities. 

A polynucleotide according to the invention can be joined to any of a variety 
of other nucleotide sequences by well-established recombinant DNA techniques (see 
Sambrook J et al. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, NY). Useful nucleotide sequences for joining to polypeptides 

20 include an assortment of vectors, e.g., plasmids, cosmids, lambda phage derivatives, 
phagemids, and the like, that are well known in the art. Accordingly, the invention 
also provides a vector including a polynucleotide of the invention and a host cell 
containing the polynucleotide. In general, the vector contains an origin of replication 
functional in at least one organism, convenient restriction endonuclease sites, and a 

25 selectable marker for the host cell. Vectors according to the invention include 
expression vectors, replication vectors, probe generation vectors, and sequencing 
vectors. A host cell according to the invention can be a prokaryotic or eukaryotic cell 
and can be a imicellular organism or part of a multicellular organism. 

The sequences falling within the scope of the present invention are not limited 
30 to the specific sequences herein described, but also include allelic variations thereof! 
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Allelic variations can be routinely determined by comparing the sequence provided in 
SEQ ID NOS: 3 or 5, representative fragments thereof, or a nucleotide sequence at 
least 98 % identical to SEQ ID NOS: 3 or 5, with a sequence from anotiier isolate. An 
allelic variation is more typically at least 99% identical to SEQ ID NOS: 3 or 5 and 
5 even more typically 99.8% identical to SEQ ID NOS 3 or 5. Furthermore, to 

acconunodate codon variability, the invention includes nucleic acid molecules coding 
for the same amino acid sequences as do the specific ORFs disclosed herein. In other 
words, in the coding region of an ORF, substitution of one codon for another which 
encodes the same amino acid is expressly contemplated. Any specific sequence 
10 disclosed herein can be readily screened for errors by resequencing a particular 
fragment, such as an ORF, in both directions (Le,, sequence both strands). 

The present invention further provides recombinant constructs comprising a 
nucleic acid having the sequence of SEQ ID NOS: 3 or 5 or fragments thereof. The 
recombinant constructs of the present invention comprise a vector, such as a plasmid 
15 or viral vector, mto which a nucleic acid having the sequence of SEQ ID NOS: 3 or 5 
or fragments thereof is inserted, in a forward or reverse orientation. In the case of a 
vector comprising one of the ORFs of the present invention, the vector may further 
comprise regulatory sequences, including for example, a promoter, operably linked to 
the ORF. 

20 Large numbers of suitable vectors and promoters are known to those of skill in 

the art and are commercially available for generating the recombinant constructs of 
the present invention. The following vectors are provided by way of example. 
Bacterial: pBs, phagescript, PsiX174, pBluescript SK, pBs KS, pNHSa, pNH16a, 
pNHl 8a, pNH46a (Stratagene); pTrc99A, pKK223-3, pKK233-3, pDR540, pRIT5 

25 (Pharmacia). Eukaryotic: pWLneo, pSV2cat, pOG44, PXTI, pSG (Stratagene) 
pSVK3, pBPV, pMSG, pSVL (Phamiacia). 

The nucleic acid sequences of the invention are further directed to sequences 
which encode variants of the described nucleic acids. These amino acid sequence 
variants may be prepared by methods known in the art by introducing appropriate 
30 nucleotide changes into a native or variant polynucleotide. There are two variables in 
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the construction of amino acid sequence variants: the location of the mutation and the 
nature of the mutation. The amino acid sequence variants of the nucleic acids are 
preferably constructed by mutating the polynucleotide to give an amino acid sequence 
that does not occur in nature. These amino acid alterations can be made at sites that 
5 differ in the nucleic acids from different species (variable positions) or in highly 
conserved regions (constant regions). Sites at such locations will typically be 
modified in series, e.g., by substituting first with conservative choices {e.g., 
hydrophobic amino acid to a different hydrophobic amino acid) and then with more 
distant choices {e.g., hydrophobic amino acid to a charged amino acid), and then 

1 0 deletions or insertions may be made at the target site. Amino acid sequence deletions 
generally range from about 1 to 30 residues, preferably about 1 to 1 0 residues, and are 
typically contiguous, Amino acid insertions include amino- and/or carboxyl-terminal 
fusions ranging in length from one to one hundred or more residues, as well as 
intrasequence insertions of single or multiple amino acid residues. Intrasequence 

1 5 insertions may range generally from about 1 to 1 0 amino residues, preferably from 1 
to 5 residues. Examples of terminal insertions include the heterologous signal 
sequences necessary for secretion or for intracellular targeting in different host cells. 

In a preferred method, polynucleotides encoding the novel nucleic acids are 
changed via site-directed mutagenesis. This method uses oligonucleotide sequences 

20 that encode the polynucleotide sequence of the desired amino acid variant, as well as a 
sufficient adjacent nucleotide on both sides of the changed amino acid to form a stable 
duplex on either side of the site of being changed. In general, the techniques of site- 
directed mutagenesis are well known to those of skill in the art and this technique is 
exemplified by publications such as, Edelman et al , DNA 2:183 (1983). A versatile 

25 and efficient method for producing site-specific changes in a polynucleotide sequence 
was published by Zoller and Smith, Nucleic Acids Res. 10:6487-6500 (1 982). PCR 
may also be used to create amino acid sequence variants of the novel nucleic acids. 
When small amounts of template DNA are used as starting material, primer(s) that 
differs slightly in sequence from the corresponding region in the template DNA can 

30 generate the desired amino acid variant. PCR amplification results in a population of 
product DNA firagments that differ from the polynucleotide template encoding the 
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polypeptide at the position specified by the primer. The product DNA fragments 
replace the corresponding region in the plasmid and this gives the desired amino acid 
variant. 

A further technique for generating amino acid variants is the cassette 
5 mutagenesis technique described in Wells et al , Gene 34.315(1 985); and other 

mutagenesis techniques well known in the art, such as, for example, the techniques in 
Sambrook et al, supra, and Current Protocols in Molecular Biolopv. Ausubel et al, 
supra. Due to the inherent degeneracy of the genetic code, other DNA sequences 
which encode substantially the same or a functionally equivalent amino acid sequence 
1 0 may be used in the practice of the invention for the cloning and expression of these 
novel nucleic acids. Such DNA sequences include those which are capable of 
hybridizing to the appropriate novel nucleic acid sequence under stringent conditions. 

Hosts 

The present invention further provides host cells genetically engineered to 
15 contain the polynucleotides of the invention. For example, such host cells may 
contain nucleic acids of the invention introduced into the host cell using known 
transformation, transfection or infection methods. The present invention still further 
provides host cells genetically engineered to express the polynucleotides of the 
invention, wherein such polynucleotides are in operative association with a regulatory 
20 sequence heterologous to the host cell that drives expression of the polynucleotides in 
the cell. 

The host cell can be a higher eukaryotic host cell, such as a mammalian cell, a 
lower eukaryotic host cell, such as a yeast cell, or the host cell can be a prokaryotic 
cell, such as a bacterial cell. Introduction of the recombinant construct into the host 

25 cell can be effected by calcium phosphate transfection, DEAE, dextran-mediated 

transfection, or electroporation (Davis, L. etal, Basic Methods in Molecular Biology 
(1986)). The host cells containing one of polynucleotides of the invention, can be 
used in conventional manners to produce the gene product encoded by the isolated 
fragment (in the case of an ORF) or can be used to produce a heterologous protein 

30 under the control of the EMF. 
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Any host/vector system can be used to express one or more of the ORFs of the 
present invention. These include, but are not limited to, eukaryotic hosts such as 
HeLa cells, Cv-1 cell, COS cells, and Sf9 cells, as well as prokaryotic host such as R 
coli and R subtilis . The most preferred cells are those which do not normally express 
5 the particular polypeptide or protein or which expresses the polypeptide or protein at 
low natural level. Mature proteins can be expressed in mammalian cells, yeast, 
bacteria, or other cells under the control of appropriate promoters. Cell-free 
translation systems can also be employed to produce such proteins using RNAs 
derived from the DNA constructs of the present invention. Appropriate cloning and 
1 0 expression vectors for use with prokaryotic and eukaryotic hosts are described by 

Sambrook, et al, in Molecular Cloning: A Laboratory Manual^ Second Edition, Cold 
Spring Harbor, New York (1989), the disclosure of which is hereby incorporated by 
reference. 

Polypeptides Of The Invention 

The isolated polypeptides of the invention include, but are not limited to, a 
polypeptide comprising the amino acid sequence of SEQ ID NO: 4. The polypeptides 
of the invention further include polypeptides which comprise one or more specific 
domains of the amino acid sequence in SEQ ID NO: 4. 

Protein compositions of the present invention may further comprise an 
acceptable carrier, such as a hydrophilic, e.g., pharmaceutically acceptable, carrier. 

The invention also relates to methods for producing a polypeptide comprising 
growing a culture of the cells of the invention in a suitable culture medium, and 
purifying the protein from the culture. For example, the methods of the invention 
include a process for producing a polypeptide in which a host cell containing a 
suitable expression vector that includes a polynucleotide of the invention is cultured 
under conditions that allow expression of the encoded polypeptide. The polypeptide 
can be recovered from the culture, conveniently from the culture medium, and further 
purified. Preferred embodiments include those in which the protein produced by such 
process is a full length or mature form of the protein. 
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The invention further provides a polypeptide including an amino acid 
sequence that is substantially equivalent to SEQ ID NO: 4. Polypeptides according to 
the invention can have at least about 98%, and more typically at least about 99%, and 
even more typically 99.5 sequence identity to SEQ ID NO: 4. 

5 The present invention further provides isolated polypeptides encoded by the 

nucleic acid fragments of the present invention or by degenerate variants of the 
nucleic acid fragments of the present invention. By "degenerate variant" is intended 
nucleotide fragments which differ from a nucleic acid fragment of the present 
invention {e,g,, an ORF) by nucleotide sequence but, due to the degeneracy of the 

10 genetic code, encode an identical polypeptide sequence. Preferred nucleic acid 
fragments of the present invention are the ORFs that encode proteins. A variety of 
methodologies known in the art can be utilized to obtain any one of the isolated 
polypeptides or proteins of the present invention. At the simplest level, the amino 
acid sequence can be synthesized using commercially available peptide synthesizers. 

15 This is particularly useful in producing small peptides and fragments of larger 

polypeptides. Fragments are useful, for example, in generating antibodies against the 
native polypeptide. In an alternative method, the polypeptide or protein is purified 
from bacterial cells which naturally produce the polypeptide or protein. One skilled in 
the art can readily follow known methods for isolating polypeptides and proteins in 

20 order to obtain one of the isolated polypeptides or proteins of the present invention. 
These include, but are not limited to, immunochromatography, HPLC, size-exclusion 
chromatography, ion-exchange chromatography, and immuno-afBnity 
chromatography. See, e.g., Scopes, Protein Purification: Principles and Practice, 
Springer-Verlag (1994); Sambrook, et al, in Molecular Cloning: A Laboratory 

25 Manual; Ausubel et al, Current Protocols in Molecular Biology, 

The polypeptides and proteins of the present invention can alternatively be 
purified from cells that have been altered to express the desired polypeptide or 
protein. One skilled in the art can readily adapt procedures for introducing and 
expressing either recombinant or synthetic sequences into eukaryotic or prokaryotic 
30 cells in order to generate a cell that produces one of the polypeptides or proteins of the 
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present invention. The purified polypeptides can be used in in vitro binding assays 
that are well known in the art to identify molecules that bmd to the polypeptides. 

The protein may also be produced by known conventional chemical synthesis. 
Methods for constructing the proteins of the present invention by synthetic means are 
5 known to those skilled in the art. For polypeptides more than about 1 00 amino acid 
residues, a number of smaller peptides will be chemically synthesized and ligated 
either chemically or enzymatically to provide the desired full-length polypeptide. The 
synthetically-constructed protein sequences, by virtue of sharing primary, secondary 
or tertiary structural and/or conformational characteristics with proteins may possess 
10 biological properties in common therewith, including protein activity. Thus, they may 
be employed as biologically active or immunological substitutes for natural, purified 
proteins in screening of therapeutic compounds and in immunological processes for 
the development of antibodies. 

The proteins provided herein also include proteins characterized by amino acid 
1 5 sequences substantially equivalent to those of purified proteins but into which 
modification are naturally provided or deliberately engineered. For example, 
modifications in the peptide or DNA sequences can be made by those skilled in the art 
using known techniques. Modifications of interest in the protein sequences may 
include the alteration, substitution, replacement, insertion or deletion of a selected 
20 amino acid residue in the coding sequence. For example, one or more of the cysteine 
residues may be deleted or replaced with another amino acid to alter the conformation 
of the molecule. Techniques for such alteration, substitution, replacement, insertion 
or deletion are well known to those skilled in the art (see, e.g,, U.S. Pat. No. 
4,5 1 8,584). Preferably, such alteration, substitution, replacement, insertion or 
25 deletion retains the desired activity of the protein. 

Other firagments and derivatives of the sequences of proteins which would be 
expected to retain protein activity in whole or in part and may thus be useful for 
screening or other immunological methodologies may also be easily made by those 
skilled in the art given the disclosures herein. Such modifications are believed to be 
30 encompassed by the present invention. 
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The protein of the invention may also be expressed in a form that will facilitate 
purification. For example, it may be expressed as a fusion protein, such as those of 
maltose binding protein (MBP), glutathione-S-transferase (GST) or thioredoxin 
(TRX). Kits for expression and purification of such fusion proteins are commercially 
S available from New England BioLab (Beverly, Mass.), Pharmacia (Piscataway, N.J.) 
and Invitrogen, respectively. The protein can also be tagged with an epitope and 
subsequently purified by using a specific antibody directed to such epitope. One such 
epitope ("Flag") is commercially available from Kodak (New Haven, Conn.). 

Finally, one or more reverse-phase high performance liquid chromatography 
10 (RP-HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel having 
pendant methyl or other aliphatic groups, can be employed to further purify the 
protein. Some or all of the foregoing purification steps, in various combinations, can 
also be employed to provide a substantially homogeneous isolated recombinant 
protein. The protein thus purified is substantially free of other mammalian proteins 
15 and is defined in accordance with the present invention as an "isolated protein. 

The polypeptide sequences encoded by SEQ ID NOS: 3 or 5 have numerous 
applications in techniques known to those skilled in the art of molecular biology. The 
polypeptides of the invention and/or their agonists and antagonists are useful in 
methods for improving learning and memory in normal subjects or to ameliorate 
20 learning and memory deficits in impaired subjects. The polypeptides of the invention 
may also be used to generate antibodies for diagnosis or therapy of such disease 
states. 

USES AND BIOLOGICAL ACTIVITY 

The polynucleotides and polypeptides of the present invention exhibit one or 
25 more of the uses or biological activities (including those associated with assays cited 
herein) identified below. Uses or activities described for proteins of the present 
invention may be provided by administration or use of such proteins or by 
administration or use of polynucleotides encoding such proteins (such as, for example, 
in gene therapies or vectors suitable for introduction of DNA). 
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Research Uses And Utilities 

The polynucleotides provided by the present invention can be used by the 
research community for various purposes. The polynucleotides can be used to express 
recombinant protein for analysis, characterization or therapeutic use; as markers for 
5 tissues in which the corresponding protein is preferentially expressed (either 

constitutively or at a particular stage of tissue differentiation or development or in 
disease states); as molecular weight markers on Southern gels; as chromosome 
markers or tags (when labeled) to identify chromosomes or to map related gene 
positions; to compare with endogenous DNA sequences in patients to identify 

1 0 potential genetic disorders; as probes to hybridize and thus discover novel, related 
DNA sequences; as a source of information to derive PCR primers for genetic 
fingerprinting; as a probe to "subtract-out" known sequences in the process of 
discovering other novel polynucleotides; for selecting and making oligomers for 
attachment to a "gene chip" or other support, including for examination of expression 

1 S patterns; and as an antigen to raise anti-DNA antibodies or elicit another immune 
response. Where the polynucleotide encodes a protein which binds or potentially 
binds to another protein (such as, for example, in a receptor-ligand interaction), the 
polynucleotide can also be used in interaction trap assays (such as, for example, that 
described in Gyuris et al., Cell 75:791-803 (1993)) to identify polynucleotides 

20 encoding the other protein with which binding occurs or to identify inhibitors of the 
binding interaction. 

The proteins provided by the present invention can similarly be used in assay 
to determine biological activity, including in a panel of multiple proteins for high- 
throughput screening; to raise antibodies or to elicit another immune response; as a 

25 reagent (including the labeled reagent) in assays designed to quantitatively determine 
levels of the protein (or its receptor) in biological fluids; as markers for tissues in 
which the corresponding protein is preferentially expressed (either constitutively or at 
a particular stage of tissue differentiation or development or in a disease state); and, of 
course, to isolate correlative receptors or ligands. Where the protein binds or 

30 potentially binds to another protein (such as, for example, in a receptor-ligand 
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interaction), the protein can be used to identify the other protein with which binding 
occurs or to identify inhibitors of the binding interaction. Proteins involved in these 
binding interactions can also be used to screen for peptide or small molecule 
inhibitors or agonists of the binding interaction. 

5 Any or all of these research utilities are capable of being developed into 

reagent grade or kit format for commercialization as research products. 

Methods for performing the uses listed above are well known to those skilled 
in the art. References disclosing such methods include without limitation "Molecular 
Cloning: A Laboratory Manual", 2d ed., Cold Spring Harbor Laboratory Press, 
10 Sambrook, J., E. F. Fritsch and T. Maniatis eds., 1989, and "Methods in Enzymology: 
Guide to Molecular Cloning Techniques", Academic Press, Berger, S. L. and A. R, 
Kirameleds., 1987, 

Gene Therapy 

Polynucleotides of the present invention can also be used for gene therapy for 
1 5 the treatment of disorders which are mediated by KKI AMRE kinase. Such therapy 
would achieve its therapeutic effect by introduction of the appropriate KKIAMRE 
kinase polynucleotide (e.g., SEQ ID NO: 5) which contains a KKIAMRE kinase 
genomic sequence (sense), into cells of subjects having learning and memory 
impairments. Delivery of sense KKIAMRE kinase polynucleotide constructs can be 
20 achieved using a recombinant expression vector such as a chimeric virus or a colloidal 
dispersion system. An expression vector including the KKIAMRE kinase 
polynucleotide sequence could be introduced into neuronal cells ex vivo, for example, 
using embryonic neurons or stem cells. The cells are then reintroduced into the 
subject, (e.g., into subject's brain using sterotactic or radiographically guided surgical 
25 methods). 

Various viral vectors which can be utilized for gene therapy as taught herein 
include adenovirus, herpes virus, vaccinia, or, preferably, an RNA virus such as a 
retrovirus. Preferably, the retroviral vector is a derivative of a murine or avian 
retrovirus. Examples of retroviral vectors in which a single foreign gene can be 



wo 00/20567 PCT/US99/23010 

23 

inserted include, but are not limited to: Moloney murine leukemia virus (MoMuLV). 
Harvey murine sarcoma virus (HaMuSV), mxirine manmiary tumor virus (MuMTV), 
and Rous Sarcoma Vims (RSV), and gibbon ape leukemia virus (GaLV), which 
provides a broader host range than many of the murine viruses. A number of 
S additional retroviral vectors can incorporate multiple genes. All of these vectors can 
transfer or incorporate a gene for a selectable marker so that transduced cells can be 
identified and generated. By inserting KKIAMRE kinase sequence of interest into the 
viral vector, along with another gene which encodes the ligand for a receptor on a 
specific target cell, for example, the vector is now target specific. Preferred targeting 
10 is accomplished by using an antibody to target the retroviral vector. Those of skill in 
the art will know of, or can readily ascertain without undue experimentation, specific 
polynucleotide sequences that can be inserted into the retroviral genome to allow 
target specific retroviral vector containing the KKIAMRE sense or antisense 
polynucleotide. 

1 5 Since recombinant retroviruses are defective, they require assistance in order 

to produce infectious vector particles. This assistance can be provided, for example, 
by using helper cell lines that contain plasmids encoding all of the structural genes of 
the retrovirus under the control of regulatory sequences within the LTR. These 
plasmids are missing a nucleotide sequence that enables the packaging mechanism to 

20 recognize an RNA transcript for encapsidation. Helper cell lines which have deletions 
of the packaging signal include but are not limited to: PSI.2, PAS 17 and PA12, for 
example. These cell lines produce empty virions, since no genome is packaged. If a 
retroviral vector is introduced into such cells in which the packaging signal is intact, 
but the structural genes are replaced by other genes of interest, the vector can be 

25 packaged and vector virion produced. 

Antibodies 

Another aspect of the invention is an antibody that specifically binds the 
polypeptide of the invention. Such antibodies can be either monoclonal or polyclonal 
antibodies, as well as fragments thereof and humanized forms or fully human forms, 
30 such as those produced in transgenic animals. The invention further provides a 
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hybridoma that produces an antibody according to the invention. Antibodies of the 
invention are useful for detection and/or purification of the polypeptides of the 
invention. 

Protein of the invention may also be used to immunize animals to obtain 
5 polyclonal and monoclonal antibodies that specifically react with the protein. Such 
antibodies may be obtained using either the entire protein or fi-agments thereof as an 
immunogen. The peptide immunogens additionally may contain a cysteine residue at 
the carboxyl terminus, and are conjugated to a hapten such as keyhole limpet 
hemocyanin (KLH). Methods for synthesizing such peptides are known in the art, for 

10 example, as in R. P. Merrifield, J. Amen Chem. Soc. 85, 2149-2154 (1963); J. L. 

Krstenansky, et al., FEBS Lett. 211, 10 (1987). Monoclonal antibodies binding to the 
protein of the invention may be useful diagnostic agents for the immunodetection of 
the protein. Neutralizing monoclonal antibodies binding to the protein may also be 
useful therapeutics for both conditions associated with the protein and also in the 

1 5 treatment of some forms of cancer where abnormal expression of the protein is 

involved. In the case of cancerous cells or leukemic cells, neutralizing monoclonal 
antibodies against the protein may be useful in detecting and preventing the metastatic 
spread of the cancerous cells, which may be mediated by the protein. In general, 
techniques for preparing polyclonal and monoclonal antibodies as well as hybridomas 

20 capable of producing the desired antibody are well known in the art (Campbell, A.M., 
Monoclonal Antibodies Technology: Laboratory Techniques in Biochemistry and 
Molecular Biology, Elsevier Science Publishers, Amsterdam, The Netherlands (1984); 
St Groth et aL J- Immunol JJ:1-21 (1990); Kohler and Milstein, Nature 256:495- 
497 (1975)), the trioma technique, the human B-cell hybridoma technique (Kozbor et 

25 a/.. Immunology Today 4:72 (1983); Cole et al, in Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, Inc. (1985), pp. 77-96). 

Any animal (mouse, rabbit, etc.) which is known to produce antibodies can be 
immunized with a peptide or polypeptide of the invention. Methods for immimization 
are well known in the art. Such methods include subcutaneous or intraperitoneal 
30 injection of the polypeptide. One skilled in the art will recognize that the amount of 
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the protein encoded by the ORF of the present invention used for immunization will 
vary based on the animal that is immunized, the antigenicity of the peptide and the 
site of injection. The protein that is used as an immunogen may be modified or 
administered in an adjuvant in order to increase the protein's antigenicity. Methods of 
5 increasing the antigenicity of a protein are well known in the art and mclude, but are 
not limited to, coupling the antigen with a heterologous protein (such as globulin or p- 
galactosidase) or through the inclusion of an adjuvant during inmiunization. 

For monoclonal antibodies, spleen cells from the immunized animals are 
removed, fused with myeloma cells, such as SP2/0-Agl4 myeloma cells, and allowed 
1 0 to become monoclonal antibody producing hybridoma cells. Any one of a number of 
methods well known in the art can be used to identify the hybridoma cell that 
produces an antibody with the desired characteristics. These include screening the 
hybridomas with an ELISA assay, western blot analysis, or radioimmunoassay (Lutz 
et aL Exp. Cell Research 775:109-124 (1988)). 

15 Hybridomas secreting the desired antibodies are cloned and the class and 

subclass is determined using procedures known in the art (Campbell, A.M., 
Monoclonal Antibody Technology: Laboratory Techniques in Biochemistry and 
Molecular Biology^ Elsevier Science Publishers, Amsterdam, The Netherlands 
(1984)). Techniques described for the production of single chain antibodies (U.S. 

20 Patent 4,946,778) can be adapted to produce single chain antibodies to proteins of the 
present invention. 

For polyclonal antibodies, antibody-containing antiserum is isolated from the 
immunized animal and is screened for the presence of antibodies with the desired 
specificity using one of the above-described procedures. The present invention 

25 further provides the above-described antibodies in detectably labeled form. 

Antibodies can be delectably labeled through the use of radioisotopes, affinity labels 
(such as biotin, ayidin, etc.), enzymatic labels (such as horseradish peroxidase, 
alkaline phosphatase, etc.) fluorescent labels (such as FITC or rhodamine, etc.), 
paramagnetic atoms, etc. Procedures for accomplishing such labeling are well-known 

30 in the art, for example, see (Stemberger, L.A. et ai, J. Histochem. Cytochem. 75:315 
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(1970); Bayer, E.A. et a/., Metk Enzym. 62:30% (1979); Engval, E. et al, Immunol 
109:129 (1972); Coding, J.W. J. Immunol Metk 75:215 (1976)). 

The labeled antibodies of the present invention can be used for in vilro^ in 
vivOy and in situ assays to identify cells or tissues in which a fragment of the 

5 polypeptide of interest is expressed. The antibodies may also be used directly in 
therapies or other diagnostics. The present invention further provides the above- 
described antibodies immobilized on a solid support. Examples of such solid supports 
include plastics such as polycarbonate, complex carbohydrates such as agarose and 
sepharose, acrylic resins and such as polyacrylamide and latex beads. Techniques for 

10 coupling antibodies to such solid supports are well known in the art (Weir, D.M. et 
al, "Handbook of Experimental Immunology" 4th Ed., Blackwell Scientific 
Publications, Oxford, England, Chapter 10 (1986); Jacoby, W.D. et al, Metk Enzym, 
34 Academic Press, N.Y. (1974)). The immobilized antibodies of the present 
invention can be used for in vitrOy in vivOy and in situ assays as well as for immuno- 

1 5 afFmity purification of the proteins of the present invention. 

Use of Nucleic Acids as Probes 

Another aspect of the subject invention is to provide for polypeptide-specific 
nucleic acid hybridization probes capable of hybridizing with naturally occurring 
nucleotide sequences. The hybridization probes of the subject invention may be 
20 derived from the nucleotide sequence of the SEQ ID NOS: 3 or 5. Because the 

corresponding gene is only expressed in a limited number of tissues, especially adult 
tissues, a hybridization probe derived from SEQ ID NOS: 3 or 5 can be used as an 
indicator of the presence of RNA of cell type of such a tissue in a sample as shown in 
Example 3. 

25 Any suitable hybridization technique can be employed, such as, for example, 

in situ hybridization-PCR as described US Patent Nos. 4,683,195 and 4,965,188 
provides additional uses for oligonucleotides based upon the nucleotide sequences. 
Such probes used in PGR may be of recombinant origin, may be chemically 
synthesized, or a mixture of both. The probe will comprise a discrete nucleotide 
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sequence for the detection of identical sequences or a degenerate pool of possible 
sequences for identification of closely related genomic sequences. 

Other means for producing specific hybridization probes for nucleic acids 
include the cloning of nucleic acid sequences into vectors for the production of 

5 mRNA probes. Such vectors are known in the art and are commercially available and 
may be used to synthesize RNA probes in vitro by means of the addition of the 
appropriate RNA polymerase as T7 or SP6 RNA polymerase and the appropriate 
radioactively labeled nucleotides. The nucleotide sequences may be used to construct 
hybridization probes for mapping their respective genomic sequences. The nucleotide 

1 0 sequence provided herein may be mapped to a chromosome or specific regions of a 
chromosome using well known genetic and/or chromosomal mapping techniques. 
These techniques include in situ hybridization, linkage analysis against known 
chromosomal markers, hybridization screening with libraries or flow-sorted 
chromosomal preparations specific to known chromosomes, and the like. The 

15 technique of fluorescent in situ hybridization of chromosome spreads has been 
described, among other places, in Verma et al (1988) Human Chromosomes: A 
Manual of Basic Techniques, Pergamon Press, New York NY. 

Fluorescent in situ hybridization of chromosomal preparations and other 
physical chromosome mapping techniques may be correlated with additional genetic 

20 map data. Examples of genetic map data can be found in the 1994 Genome Issue of 
Science (265:1981f). Correlation between the location of a nucleic acid on a physical 
chromosomal map and a specific disease (or predisposition to a specific disease) may 
help delimit the region of DNA associated with that genetic disease. The nucleotide 
sequences of the subject invention may be used to detect differences in gene 

25 sequences between normal, carrier or affected individuals. The nucleotide sequence 
may be used to produce purified polypeptides using well known methods of 
recombinant DNA technology. Among the many publications that teach methods for 
the expression of genes after they have been isolated is Goeddel (1990) Gene 
Expression Technology, Methods and Enzymology, Vol 185, Academic Press, San 

30 Diego. Polypeptides may be expressed in a variety of host cells, either prokaryotic or 
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eukaiyotic. Host cells may he from the same species irom which a particular 
polypeptide nucleotide sequence was isolated or from a different species. Advantages 
of producing polypeptides by recombinant DNA technology include obtaining 
adequate amounts of the protein for purification and the availability of simplified 
5 purification procedures. 

The present invention is illustrated in the following examples. Upon 
consideration of the present disclosure, one of skill in the art will appreciate that many 
other embodiments and variations may be made in the scope of the present invention. 
Accordingly, it is intended that the broader aspects of the present invention not be 
1 0 limited to the disclosure of the following examples. 

EXAMPLES 

Example 1 Actinomvcin D Reversiblv Inhibited Eveblink 
Conditioning 

Rabbits underwent eyeblink training 30 min. after infusion of 1 ng of 
15 actinomycin D (ActD) or artificial cerebrospinal fluid (ACSF) into the dorsal anterior 
IN ipsilateral to the trained eye. Rabbits were trained with 10 paired tone-air trials per 
day to insure that ActD could act during learning (see Methods). An ANOVA was 
completed for the first five days of training for both groups (ACSF and ActD): the 
groups differed significantly F|,io = 15.4, p<.003; days of training was significant, 
20 F4,4o = 17.9, p<.0001; as was the interaction, F4,4o = 14.2, p<.0001. As shown in Fig. 
1, rabbits receiving ACSF infusion reached criteria (>80% CR) at the end of five days 
of training (ANOVA over training days 1-5: = 19.9, p<.01). Infusion of ActD at 
day 6 into these control animals did not prevent expression of acquired CRs. Infusion 
of 1 )ig of muscimol on day 7 completely abolished the CRs (see Krupa et al., 1993). 
25 Rabbits receiving ActD infusions exhibited low levels of CRs at the end of five days 
(ANOVA over training days 1-5: F4,24 = 1.35, ns). After 2 days rest, animals in the 
experimental group were trained without drug infusion, and they showed a gradual 
increase of CRs (ANOVA over training days 6- 10: F4,24 = 7.61,p<.01). Most 
animals in the experimental group reached criterion after 5 days of additional training 
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without drug infusion. At day 1 1, the experimental group was infused with Ijig of 
muscimol, which completely abolished the expression of CRs. Cannula placements 
were all in or within close approximation to the dorsal anterior interpositus nucleus 
and were effective, as demonstrated by muscimol abolition of the CRs in all animals 
5 (Krupaetal., 1993). 

Example 2 Identification And Cloning Of Rabbit KKIAMRE 
KINASE 

Four experimental rabbits trained with our standard CS-US paired stimuli 
schedule (100 trials per day) showed over 80% CRs after 4 days of training, while the 

10 four control rabbits trained with unpaired CS-US stimuli did not show a significant 
level of CRs (Fig. 2). All subjects were sacrificed immediately following the day 4 
training session and their brains removed. RNA was isolated from the IN and 
overlying cortex (region HVI) since these regions represent essential sites for eyeblink 
conditioning (Thompson and Krupa, 1994). DD-PCR was carried out by using 48 

1 5 different sets of primers. A 207-bp cDNA fragment was identified that was 
differentially expressed in the cerebellar deep nuclei (Fig. 3). The nucleotide 
sequence of this cDNA fragment did not share homology with any other known 
sequences. Approximately 5X10^ plaques of a Xgtl 1 rabbit brain cDNA library 
(Clonetech) were screened using the DD-PCR cDNA fragment as the probe and 8 

20 overlapping clones were isolated. Eight additional overlapping clones were isolated 
by screening with a more 5' region of the cDNA. A full-length cDNA (3080 bp) was 
constructed from the overlapping clones, and it contains a 1698-bp open reading 
frame. Figure 4 shows the nucleotide sequence and predicted amino acid sequence of 
the cDNA. Comparison of the predicted amino acid sequence of the cDNA with the 

25 Genbank database (BLAST fileserver) revealed high homology with human p56 
protein kinase (p56 KKIAMRE) which was reported to be related to cdc2 and MAP 
kinases (Taglienti, et al., 1996). These proteins share 97.2% amino acid identity in 
the kinase domain (Fig. 5). The molecule we isolated was thus named rabbit 
KKIAMRE kinase (Rbt KKIAMRE kinase). Although the Rbt KKIAMRE kinase 

30 was very similar to that of p56 KKIAMRE, Rbt BOOAMRE kinase had a stretch of 
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extra 77 amino acids near the 3' region. KKIAMRE kinase shares homology with 
Ser/Thr kinases p42 KKIALRE (Meyerson et al., 1992), cdc2 (Lee and Nurse, 1987), 
cdk2 (Tsai et al., 1991), and members of the MAP kinase family, ERKl (Boulton et 
al., 1990), JNKl (Derijard et al., 1994), and p38 (Lee et al., 194) (Fig. 5). 

5 Example 3 Regional Expression of Rbt KKIAMRE Kinase 

The expression pattern of Rbt KKIAMRE kinase mRNA was examined in 
various tissues and in the brain regions of naive rabbits by Northern blot analysis. Rbt 
KKIAMRE kinase was expressed predominantly in the brain, but expression was also 
evident in kidney, lung, and testis (Fig. 6). The tissue-specific expression pattern of 

1 0 Rbt KKIAMRE kinase was thus similar to that of p56 KKIAMRE (Taglienti et al., 
1996). For the Rbt KKIAMRE kinase. Northern blot revealed a single transcript of 
approximately 4 kb in each tissue (Fig. 6), whereas two major transcripts were 
observed in adult testis and kidney for p56 KKIAMRE (Taglienti et al., 1996). In situ 
hybridization using an 876-bp riboprobe showed that the KKIAMRE kinase was 

1 S expressed mainly in the cerebellum, the brainstem, and the hippocampus of naive 

rabbits. A two-week exposure time was required to achieve a modest signal on p-max 
film (Amersham). Within the cerebellum, expression was seen in the granule cell 
layer as well as the deep cerebellar nuclei (Fig. 7A). KKIAMRE kinase was also 
expressed in several brainstem nuclei, in particular the vestibular and facial nuclei. 

20 Prominent expression was evident in the pyramidal cell layer of the hippocampus, and 
to a lesser extent the dentate granular layer (Fig. 7B). Weaker expression was also 
observed in the cerebral cortex. 

Examole 4 Conditioning-Dependent Induction of Rbt KKIAMRE 
Kinase in the IN 

25 Previous studies indicate that cerebellar cortex and IN are both mvolved in 

eyeblink conditioning. To determine the site where the Rbt KKIAMRE kinase may 
participate in eyeblink conditioning, we examined the level of transcripts of the Rbt 
KKIAMRE kinase in these tissues of the eyeblink conditioned animals (100 trials/day; 
4 days) by a semi-quantitative RT-PCR/Southem blot analysis. RNAs isolated from 
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the left cerebellar deep nuclei and cerebellar cortex were reverse transcribed using 
oligo (dT) primer and PGR was performed with primer sets designed for Rbt 
KKIAMRE kinase and rabbit neurofilament-L (NF-L) cDNAs. To confirm 
conditioning-induced expression initially found by 207 bp fi-agment, a part of 

5 KKIAMRE kinase mRN A outside of the 207-bp fragment was amplified by PGR. As 
shown in Figure 8 above, cerebellar deep nuclei from animals trained with GS-US 
paired stimuli (lanes PI and P2) showed nearly 10 times increased expression of Rbt 
KKIAMRE kinase when compared to those of animals trained with unpaired stimuli 
(lanes Ul and U2). However, no difference in expression was observed in the 

1 0 cerebellar cortex between these two groups. PGR with NF-L primers using the same 
cDNA templates showed comparable levels of NF-L expression in the deep nuclei and 
cortex of both trained and unpaired pseudo-trained animals (Fig. 8 below). These 
results indicated that the increased expression of Rbt KKIAMRE kinase in the brain 
was specific for conditioned animals, and that the increased expression was localized 

IS to the cerebellar deep nuclei. 

Example S Associative Motor Learning Requires New RNA 
Synthesis 

Our results show that infiision of ActD, an RNA synthesis inhibitor, into the 
cerebellar interpositus nucleus over the course of eyeblink conditioning completely 

20 prevents learning, consistent with a report that protein synthesis inhibition in this 
nucleus interfered with eyeblink conditioning (Bracha and Bloedel 1 996). The 
present results thus strongly support the idea that associative motor learning requires 
new RNA synthesis. Since eyeblink conditioning typically requires many trials over 
several days, it is a learning paradigm apparently lacking an obvious short-term 

25 component In addition, once a rabbit is well-trained, the GR is robust, not easily 
extinguished and is retained for months (Lavond et al., 1984). Indeed, acquisition of 
the conditioned NM response shows similar temporal characteristics to those found in 
other associative learning tasks where formation of long-term memory is required. 
This is consistent with the idea that long term memory requires long lasting changes 

30 in synaptic efficacy, which most likely requires synthesis of new RNA/proteins. 
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Accordingly, infusion of ActD into the interpositus nucleus inhibited eyeblink 
conditioning. However, once the animal was conditioned, infusion of ActD had no 
effect on the performance of CRs. Thus, new mRNA synthesis is essential for 
acquisition but not expression of the learned response. These results further support 
5 our hypothesis that eyeblink conditioning involves long term changes in the synapses 
within the cerebellar interpositus nucleus. In the following experunents we attempt to 
determine the mRNA that is expressed in the interpositus nucleus during conditioning. 

Example 6 Evcblink Conditioning Induces a Cdc2-related Kinase 
in the Brain 

10 Differential display analysis indicated that eyeblink conditioning led to an 

increased expression of KKIAMRE kinase, a cdc2-related kinase, in the cells of deep 
cerebellar nuclei. The amino acid motif KKIAMRE, like the KKIALRE motif, is a 
highly conserved motif related to PSTAIRE of the cyclin dependent kinases 
(Meyerson et al., 1992). The Thr-Xaa-Tyr (Thr-Asp-Tyr in the case of KKIAMRE 

1 5 and KKIALRE) phosphorylation motif, which is required for MAP kinase activation 
and regulated by the upstream dual-specificity kinases (Nishida and Gotoh, 1993), is 
conserved in the region between protein kinase subdomains VII and VIII of Rbt 
KKIAMRE kmase. 

Our resuh raises interesting questions since cdc2 and MAP kinases are 

20 primarily involved in cell cycle regulation. Since neurons in the mammalian brain are 
post-mitotic, these kinases may serve a different function in the brain. Recent reports 
described a neuronal cdc2-like kinase, cdk5, together with a p25 regulatory subunit, 
which could phosphorylate neurofilament and tau proteins and may be involved in 
neuronal sprouting and development (Lew and Wang, 1995; Tang et al., 1996). An 

25 attractive hypothesis is that induction of KKIAMRE kinase may be a signal for 

cellular growth, which would lead to dendritic branching or extension of processes. 
Such long-lasting synaptic changes would be suitable for the establishment of a long- 
term memory trace. Hence, KKIAMRE kinase, like Cdk5, may belong to a novel 
family of kinases that play a critical role in cognitive functions of the brain. 
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Another subgroup of this kinase family (Fig. 5), the MAP kinase, was reported 
to be implicated in a signal transduction pathway that controls long-term synaptic 
facilitation (LTF) in Aplysia (Martin et al., 1997; Bailey et al., 1997). MAP kinase 
possibly regulates LTF by phosphorylation of transcription factors such as Aplysia 

5 homologs of cyclic AMP responsive element-binding proteins (CREBs), CREB 1 , 
CREB2 and C/EBPb in the nucleus, as well as by phosphorylation of apCAM 
(Aplysia neural cell adhesion molecule homolog) in the synaptic vicinity. 
Furthermore, p42, a MAP kinase isoform, was reported to be activated in the CAl 
area following stimuli which induced long term potentiation (LTP) in rat hippocampal 

10 slices (English and Sweatt, 1996). These observations suggest that MAP kinases are 
important regulators of synaptic plasticity in neurons. Thus, if Rbt KKIAMRE kinase 
functions in the same way as MAP kinases, then KKIAMRE kinase plays a role in 
long term synaptic changes that may underlie memory consolidation in the brain. 

Other types of kinases in the brain have been shown to play an essential role in 

1 5 different teaming paradigms. Much recent attention has been given to the Ca2'^- 
calmodulin dependent protein kinase II, which has been shown to be necessary for 
hippocampal LTP as well as spatial learning tasks (Silva et al., 1992; Soderling, 1993; 
Mayford et al., 1996; Barria et al., 1997). Similarly, the cAMP-dependent protein 
kinase pathv/ay and the associated molecule CREB has been implicated in long term 

20 memory in several animal models of associative learning (Kaang et al., 1993; 

Bourtchuladze et al., 1994; Yin et al., 1994; Abel et al., 1997). Protein kinase C has 
been demonstrated to play an important role in hippocampal LTP (Abeliovich et al., 
1993; Leahy et al., 1993; Wang and Feng, 1992) as well as cerebellar LTD (Crepel 
and Krupa, 1988; Linden and Connor, 1991), two proposed neural mechanisms 

25 underlying associative learning in animals. Since Rbt KKIAMRE kinase is expressed 
in the hippocampal pyramidal cell layer, its function may also be important in 
hippocampal-dependent learning such as spatial learning. 

Although the protein/gene structure of Rbt KKIAMRE kinase is a homolog of 
human KKIALRE, its cellular function may be different from that of human. The 

30 cellular distribution of KKIALRE protein in the human brain was shown with 

antibodies to the C-terminal subregion (Yen et al., 1995). KKIALRE was present in 
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fibrous astrocytes in the white matter, perivascular and subpial spaces, as well as 
Bergmann glia in the cerebellum, but not in neurons. In contrast, the Rbt KKIAMRE 
seems to be expressed in neurons, as evidenced by in situ hybridization (Fig. 7). This 
difference implies multiple roles of this kinase in the brain. Further work will be 
5 required to uncover the role of Rbt KKIAMRE and its signaling pathway in 
associative motor learning as well as other types of associative learning tasks. 
Although we have shown that new mRNA synthesis is required for conditioning and 
KKIAMRE is expressed during conditioning, it is still not clear whether KKIAMRE 
is necessary for the acquisition of conditioning. Disruption of the Rbt-KKIAMRE 
1 0 gene in mice would further clarify the link between this kinase function in the brain 
and behavior. 

Example 7 Experimental Procedures 

7.1 Subjects 

New Zealand White male rabbits (Oryctolagus cuniculus), weighing between 2 
15 and 3 kg were individually housed at the University of Southern California Hedco 
Neuroscience Building vivarium with a 12-hr light and dark cycle. The experiment 
was conducted during the light phase of the cycle. Rabbits had ad lib access to food 
and water. 

7.2 Infusion of Actinomvcin D 

20 Stainless steel guide cannulas (25 ga) were implanted in the head of the 

animals with the tip fixed at 1.5 to 2,0 mm dorsal to the IN ipsilateral to the eye to be 
trained (left) (stereotaxic coordinates from lambda: 0.8 mm anterior, 5.2 mm lateral, 
and 14.0 mm ventral). Each guide cannula was filled with an inner stainless steel 
stylet designed to keep the guide cannula patent. Animals were given 5 days to 

25 recover from surgery. At infusion the stylet was removed and an inner cannula (3 1 
ga) was inserted to the target locus. Delivery of fluids through the inner catmula was 
accomplished by a 10 ^1 Hamilton syringe driven by a syringe pump. Fluids were 
delivered to the target area at a rate of 0.38 (il per min for 2.6 min. For the 
experimental group, 1 ng of ActD (in 1 \il of vehicle) was infused daily 30 min prior 
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to the start of each training session for 5 days (n = 7). This dosage was determined in 
pilot studies; higher doses, e.g. 5 ng, caused permanent damage to the tissue. The 
animals were given 2 days rest and then trained for 5 more days without drug 
infusion. At training day 11, the experimental group was treated with 1 ^g muscimol 
5 which is known to reversibly inactivate the IN (Krupa and Thompson, 1997). For the 
control group, 1 jil of ACSF (vehicle) was infused into the IN for 5 days (n = 5). At 
day 6, control animals were infused with 1 ng of ActD 30 min prior to training. On 
training day 7, 1 ^g of muscimol was infused. 

7.3 Behavioral Training 

10 For the infusion experiments, all animals were subjected to eye-blink 

conditioning under the delay paradigm. The rabbits were allowed one day (1 hour) of 
habituation to the restrainer and the behavioral recording chamber. On the following 
day, paired tone-airpuff training began. For each day, the training session began 30 
min post drug infusion and we gave only 10 trials/day (instead of the standard 100 

15 trials per day, see below) in order to maximize the possibility that ActD was acting on 
the learning process before the long term memory had been well established. The 
tone CS was a 350 ms, 1 000 Hz., 85 dB tone and the airpuff US was a 100 ms puflF of 
air (3 psi at the source) delivered to the rabbit's cornea, the CS and US coterminating. 
The mean intertrial interval (ITI) was 60± 10 sec. Nictitating membrane (NM) 

20 conditioned responses (CRs) were measured using a minitorque potentiometer 

attached to a small loop of monofilament nylon thread on the NM of the rabbit's left 
eye. Output of the potentiometer was digitized and recorded by computer. A 
conditioned response was defined as any NM extension response greater than 0.5 mm 
that occurred after tone onset but before airpuff onset. The intra- and intertrial timing, 

25 stimulus presentations, data collection and analysis were performed by a PC with a 
program written in Forth and machine language (Lavond and Steinmetz, 1989b). 

For DD-PCR analysis, 4 animals in the experimental group were trained under 
the standard delay paradigm where each daily training session consisted of 100 trials 
arranged into 10 blocks. Each block included 1 CS-alone, 1 US-alone, and 8 CS-US 
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paired trials. The intertrial interval (ITI) was 30 ± 10 sec. The four animals in the 
control group were given an equal number of unpaired tone and air-puflf stimuli. 

7.4 RNA Isolation and DifiFerential Display 

Once the paired group reach criteria (showing > 80% CR), all animals were 
5 sacrificed by lethal injection with sodium pentobarbital (300 mg i.v.) through the ear 
vein and the brains were quickly removed and fi-ozen. The cerebellum was then 
mounted on a cryostat and cut in the coronal plane until the deep nuclei just became 
visible. The deep nuclei tissue was removed and homogenized in TRIzol Reagent 
(GIBCO/BRL). RNA was isolated following manufacturer's protocol. RNA samples 

1 0 were treated with RQl RNase-free DNase (Promega) to remove chromosomal DNA, 
Differential display was performed following the protocol of RNA Image kit 
(GenHunter). Two-hundred ng of total RNA was used for reverse transcription 
followed by arbitrarily primed PGR using a-[^^P]dATP (2,000 Ci/mmole, Amersham) 
and Taq DNA polymerase (Promega). Samples were then separated by 

1 5 electrophoresis on 6% polyacrylamide sequencing gels. The gels were dried under 
vacuum and exposed to X-ray films. DNA fi'om the band of interest was extracted 
and reamplified by PGR following manufacturer's instruction. The amplified DNA 
fi-agment was subcloned into the pGR-II vector of the TA Gloning System 
(Invitrogen). Multiple plasmid preparations were analyzed by EcoRI digestion, 1.5% 

20 agarose gel electrophoresis, and DNA sequencing using the Ladderman Sequence kit 
(TAKARA). 

7.5 Probe Labeling and cDNA Library Screening 

Plasmid DNA was digested with EcoRI, and the insert was separated firom the 
vector by electrophoresis on 1 .2% agarose. The insert band was excised fi-om the gel 

25 and purified using the MERMAID kit (BIO 101). Twenty-five ng of the insert was 
radiolabeled with a-[^^P]dGTP and Megaprime DNA Labeling System (Amersham). 
Approximately 5x10^ plaques of rabbit brain 5'-Stretch Plus Xgtl 1 cDNA library 
(Glonetech) were screened using the differential display cDNA fragment. The 
isolated phage clones were purified, digested with EcoRI, and subcloned into 

30 Bluescript II vector (Stratagene). Screening of the cDNA library was repeatedly 
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performed using the appropriate probes prepared from primarily isolated cDNA 
clones. Following identification and sequencing of the cDNA clone encoding rbt 
KKIAMRE kinase, a rabbit genomic DNA library was screened to locate the clone(s) 
containing the corresponding genomic sequence for rbt KKIAMRE kinase. 

5 7.6 Northem Blot Analysis 

Poly(A)+ RNA was purified from total RNA using PolyATract mRNA 
Isolation Systems (Promega). Denatured RNA samples (3 jig) were subjected to 
electrophoresis in 1.0% agarose-fomialdehyde gels, transferred to GeneScreen Plus 
hybridization transfer membranes (DuPont/NEN), crosslinked by UV irradiation, and 
10 hybridized with a ^^P-labeled cDNA probe. Membranes were exposed to X-ray film 
at -70'*C with an intensifying screen. 

7.7 RT-PCR and Southern Blot Analysis 
Two hundred ng of DNase-treated total RNA was reyerse transcribed in a 20 
^l reaction mixture with the following composition: 5X RT-buffer (GIBCO/BRL), 10 

15 mM DTT, 0.5 mM dNTPs, 100 nM oligo(dT)12-l 8 primer (GIBCO/BRL), 40 U of 
RNasin ribonuclease inhibitor (Promega) and 200 U of MMLV -reverse transcriptase 
(GIBCO/BRL). After 60 min at 37^C, the reaction was terminated by heating at 95^C 
for 5 min and stored at -20T. PCR amplification was performed for 20 to 35 cycles 
with the following thermocycle: 30 sec at 94'C, 1 min at 60"C and 1 min at 72°C 

20 using a GeneAmp PCR System 9600 (Perkin-Elmer). The 20 jil reaction mixture 
contained 0.5 U Taq DNA polymerase, 2 ^1 of RT mixture, 250 mM dNTPs, 2.0 ^M 
MgCl+2 and 250 nM each primer. The amplified DNA was separated by agarose gel 
electrophoresis and transferred to GeneScreen Plus hybridization membrane. The 
filters were hybridized with a ^^P-labeled cDNA probe. To eyaluate gene expression 

25 leyel, the cloned cDNA of the desired sequence were serially diluted (2 X 10^ to 2 X 
10* copies) and processed in the exact manner as the other samples. PCR primers 
were: (5^ TTGCAGAAGAAGGAACGACA (3*) (SEQ ID NO: 6) for the sense 
primer and (5*) TGTCGTTCCTTCTTCTGCAA (3') (SEQ ID NO: 7) for the antisense 
primer to generate a 399-bp (nucleotide nos. 1 846-2244 of Rbt KKIAMRE kinase). 

30 As an internal control for the quality of RNA and RT samples, the rabbit 
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neurofilament-L (NF-L) cDNA (nucleotides no. 948-1646; Soppet et al., 1991) was 
amplified using the sense primer (5*) AAGGCCAAGACCCTGGAGAT (3^ (SEQ ID 
NO: 8) and the antisense primer (50 TCAATCTTTCTTCTTGGTTG (30 (SEQ ID 
NO: 9), 

5 7.8 In Situ Hybridization 

The procedure was based on Simmons et al. (1989) with slight modifications. 
Subjects were deeply anaesthetized with sodium pentobarbital and perfiised with 500 
ml 0.9% saline through the ascending aorta followed by 500 ml 4% ice cold 
paraformaldehyde in phosphate-buffered saline. Brains were removed and placed in 
10 10% sucrose and 4% paraformaldehyde for 24 hrs at 4"C. Brains were cut frozen in a 
cryostat and 30 }im coronal sections were collected onto gelatin and poly-L-lysine 
coated slides. Sections were treated with 0.001% proteinase K at 37*C for 30 min and 
then acetylated in 0.25% acetic anhydride for 10 min. 

An 876-bp fragment of the KKIAMRE kinase cDNA in Bluescript-II vector 
1 5 (Strategene) was used for in vitro transcription. Antisense probe was synthesized 
from the T3 promoter and control sense probe from T7 promoter using the In Vitro 
Transcription System (Promega). The probes were labeled with ^^S-UTP to a specific 
activity of 8 X 10^ cpm/|ig. Sections were hybridized in 80 ^il of hybridization 
solution (50% formamide, 5% dextran sulfate, 0.3 MNaCl, IX Denhardt's solution, 
20 10 mM Tris, pH 8.0, 1 mM EDTA, 0.5 mg/ml tRNA, 10 mM DTT, and 5 X 10^ 
cpm/ml of riboprobe). Sections were coverslipped and sealed with DFX resin. 
Hybridization was carried out at 62*C for 1 8 hrs. Post-hybridization washes consisted 
of several washes in 4X SSC at 25'C followed by RNase A digestion at 37"C for 30 
min. Stringency of washes was increased gradually with a final wash at 0.5 X SSC at 
25 65*'C for 20 min. Slides were dehydrated in ethanol and dried under vacuum. Sections 
were exposed to P-max film (Amersham) for 14 days. 

All references in this application to publications, patents, and patent 
applications are incorporated herein by reference in their entirety. 
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CLAIMS 

What is claimed is: 

1 1 . An isolated polynucleotide, comprising: 

2 (a) a nucleotide sequence encoding a polypeptide comprising the 

3 amino acid of SEQ ID NO: 4; or 

4 (b) a nucleotide sequence of SEQ ID NO: 3; or 

5 (c) a nucleotide sequence of SEQ ID NO: 5. 

1 2. An isolated polynucleotide which, under stringent hybridization 

2 conditions, hybridizes to the complement of the polynucleotide of Claim. 

1 3 . An isolated polynucleotide, comprising the complement of the 

2 polynucleotide of Claim 1. 

1 4. A vector comprising the isolated polynucleotide of Claim 1 or 2. 

1 5. An expression vector comprising the isolated polynucleotide of Claim 

2 lor2. 

1 6. A host cell genetically engineered to contain the polynucleotide of 

2 Claim 1 or 2. 

1 7. An isolated polypeptide, said polypeptide encoded by an open reading 

2 frame in a nucleotide sequence, wherein said nucleotide sequence comprises: 

3 (a) nucleotide SEQ ID NO: 3; 
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4 (b) nucleotide SEQ ID NO: 5; or 

5 (c) a nucleotide sequences which, as a result of the genetic code, is 

6 degenerate to the sequences of (a) or (b). 

1 8. A method of producing the polypeptide of Claim 7, comprising: 

2 (a) culturing the host cell of Claim 6 for a period of time sufficient 

3 to express the polypeptide contained within said cell; and 

4 (b) isolating the peptide from the cell of step (a). 

1 9. An antibody directed against the polypeptide of Claim 7. 

1 1 0. A method for detecting a polynucleotide of Claim 1 or 2 in a sample, 

2 comprising: 

3 (a) contacting the sample with a compound that binds to and forms 

4 a complex with the polynucleotide for a period sufficient to form the complex; 

5 and 

6 (b) detecting the complex, 

7 so that by detecting the complex, a polynucleotide of Claim 1 or 2 is detected. 

1 1 1 . A method for detecting a polynucleotide of Claim 1 or 2 in a sample, 

2 comprising: 

3 (a) contacting the sample under stringent hybridization conditions 

4 with nucleic acid primers that anneal to a polynucleotide of Claim 1 or 2; and 

5 (b) amplifying the annealed polynucleotides, 

6 so that if a polynucleotide is amplified, a polynucleotide of Claim 1 or 2 is 

7 detected. 
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1 . 12. The method of Claim 1 1 , wherein the polynucleotide is an 

2 RNA molecule that encodes a polypeptide of Claim 7, and the method further 

3 comprises reverse transcribing an annealed RNA molecule into a cDNA 

4 polynucleotide. 

1 1 3 . A method for detecting a polypeptide of Claim 7 in a sample, 

2 comprising: 

3 (a) contacting the sample with a compound that binds to and forms 

4 a complex with the polypeptide for a period sufficient to form the complex; 

5 and 

6 (b) detecting the complex, 

7 so that if a complex is detected, a polypeptide of Claim 7 is detected. 

1 1 4. A method for identifying a compound that binds to a polypeptide of 

2 Claim 7, comprising: 

3 (a) contacting a compound with a polypeptide of Claim 7 for a 

4 time sufficient to form a polypeptide/compound complex, and 

5 (b) detecting the complex, 

6 so that if a polypeptide/compound complex is detected, a compound that binds 

7 to a polypeptide of Claim 7 is identified. 

1 1 5 . A method for identifying a compound that binds to a polypeptide of 

2 Claim 7, comprising: 

3 (a) contacting a compound with a polypeptide of Claim 7, in a cell, 

4 for a time sufficient to form a polypeptide/compound complex, wherein the ■ 

5 complex drives expression of a reporter gene sequence in the cell; and 
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6 (b) detecting the complex by detecting reporter gene sequence 

7 expression, 

8 so that if a polypeptide/compoimd complex is detected, a compoimd that binds 

9 to a polypeptide of Claim 7 is identified. 



wo 00/20567 



PCT/US99/23010 



1/13 



a> 
E 




SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23010 



2/13 



CD 1^ N- 
CVJ CJ ^ 



XI 



^ lO G) O 

CNJ 3; lO 

O □ ^ l> 

0> 



o 




SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23010 




wo 00/20567 



PCT/US99/23010 



4/13 



00 
I 



n 



00 

I 



O fH 

00 CM 









H 


KD 


If) 




GO 


H 








< 










1-4 




W 










CD 








r . 

H 
















O 






M 




> 














i 






» 




.1-:? 






U 








a 












U 








o 




















1 




Eh 








U 


< 


o 




O 




u 







00 


in 


in 


vo 


03 




CNJ 


o 


o 


ro 


GO 


U> 


vo 


ro 




^ 






iH 


in 






U 




2 










CJ 


W 


fi 


> 


CD 


E-i 








2 




CD 


2 




CJ 








Eh 


H 




Eh 


> 




kH 




H 


















CD 








U 




kH 


Eh 


M 


fS 


Q 


o 


H 








2 




CD 


CD 












CD 








M 




Eh 


CD 














H 














2 








S3 






Eh 


U 








Eh 




2 










Eh 






Eh 


> 




P4 


Eh 


> 




CD 
























1 


CH 


►> 




A. 




w 








u 








o 














Eh 




o 






CD 


o 


U 


U 








CD 




g 


u 








U 








Q 




H 


U 














U 




u 
















P 


i 


Q 


U 


< 


CD 














o 










§ 








i-q 




Pi 




< 




o 






















CD 








O 











CJ 
Eh 



CD 

U 
Eh 

I 



CD 

Eh 
Eh 



i 

I 

Eh 
CD W 



Eh 
Eh 

O CD 
Eh h 



3 



U4 



CD CD 
CD 

1 



C«4 



00 \D 
VP tH 
VO CN 



CD 

1 
I 
I 

H 
U 

I 

H 
Eh 
U 

i 



O CD^* 



Cl4 



CD 



EH > 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23010 



o o 

00 (N 



CO CM 







5/13 


















CO 




^ 00 


in 


in 




CN 






00 


VO 


in 


in 




H 


o 


Oi 






in 


in 


00 


o 




H n 


CN 




CM 




m 








rH 




H 


rH 




l-l 




H 









u 



U 04 



i 

a o 

CD 

o 

U Pi 

U 



u 



PCI 



U P4 

o 

r 

H 
H 



O 
Eh 
Eh 

1 

u 

Eh 
U 
H 
U 
Q 



CO 



fa 



i 

H 
H 
Eh 
U 
Eh 
H 

S 
u 

u 
u 

o 

a 
a 

Eh 



Cm 



c? p: 



CO 



Cti 



P4 



I 

o 

Eh 

U 
Eh 

r 

o u 

Eh 

I- 

r 
i 

Eh 
Eh 

eg CO 

i 

Eh 
O 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCTAJS99/23010 



6/13 







o 


o 




vo 




ro 




in 


VO 


r- 


GO 




o 


iH 


CN 


ro 




CN 


ro 


H 






o 




00 








o 


00 


VO 




ro 


rH 






in 


m 


in 


in 


vo 


in 




in 




00 




o 


H 


H 


CN 






in 


in 


vo 




00 


H 




H 




i-i 






H 


H 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 



EH 



o 

t 

o < 

0 « 

o 
o 

H 

u a* 

u 

u 

Eh 

r 

u 

1 « 

Eh 

U 04 

U 
O 



CD Pti 

U 

U 



CO 



\4 




u 

r: 

u 
C3 



u 
u 
u 

H 

O 
U 
O 
O 



tJ 

U 

CD 
Eh 
H 
H 
O 
U 
U 
H 

U 

u 

H 

O 
O 



u 

I 



o 
u 
u 



Eh 

H 
Eh 
Eh 
Eh 
Eh 



U 
U 
Eh 
U 
O 

u 
o 

Eh 



Eh 
U 
Eh 
Eh 
Eh 
H 
U 



u 
u 

Eh 

h 

O 
Eh 
U 

i 

Eh 

U 
Eh 

C3 



O 
U 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCTAJS99/23010 



7/13 



o 
>i 
w 
o 

O 

o 
pa 



• 5. 
I • 



— . o 
^ 1— I 



O g 
Q Q 

o o 



4J 
-H 



H 

VD 
ID 
& 

c 

E 
3 



I O 
I I 

I I 

> > 

i I 

I I 

I H 

I > 

I I 

I > 

M 
M 

H 
I 

Q 



< 
I 

I 

> 
I 
I 

H 
I 
I 
I 

M 

a 

Pu 

I 



Q 

M 

a 

CO 



pi 
> 

Q 

< 

CO 
CO 
I 



H 

a 
o 

H 
1 

> 

Q 
Pu 

a 
> 

PQ 
> 

Pa 
o 

> 
o 

^ 

o 
Pa 
H 
o: 

Oi 

04 

pa 
o 
o 

o 
o 
a 



I I 
> • 
1 I 
I 



pa 

M 



3 3 

0 u 

1 I 
CO M 
I I 

I 

< 

I ) 

CO CO 

I I 



CO ^ 

I I 

I I 

a a 

I t 

Oi oj 

pa S 

> > 

pa H 

M H 

H CO 
Q 

pa pa 

9 > 

Oi CO 

b4 Pt4 

H S 



O* 

oi 2 

pa CO 

CO CO 



CM O 

a u 







in 




H 
















§ 


§ 


§ 


§ 


Q 


Q 


Q 


Q 


M 


M 


M 


M 


o 


a 


o 


o 


pa 


pa 


pa 


pa 


CO 


CO 


CO 


CO 












H 


00 


H 


M 




m 






oi 






U 












0) 




C 


c 


G 


d 






-H 


m 


E 


£ 




i 














1 









>* 


• 


• • 


a 






1 


1 




04 


Oi 




1 


Pu 


: ^ 


M 




1 a: 


CO 


pa 


1 Q 


o 






1 


Q 


1 PQ 


>< 


p 


1 K 




1^ 


1 




M 


> 


>J 


H 


1 






1 




Q 


1 


CO 


> 


O 


ij 






1 


pa 


i 1 
1 1 


1 
1 


1 


1 1 


M 




1 1 
1 X 






m 


i 1 1 


oi 


1 1 1 




1 H 


M 


1 1 

« H 




1 CO 




1 



> CD 

04 pa 
I m 
I pa 
pa I 
I I 
I 
I 
t 
I 



HI >q 

■ H 

H Di 

CO O 

04 U 

I JH 

O H 

pa O 

pa w 



I 

o: 



H 
Q 



q:: CO 

M H 
t I 



H H 

H O 

CO S 

a o 

04 Ol 

Oi a: 

CO CO 

•J h3 

I t 



Pi3 
Oi 



pa pa 
Oi oi 



Ui ^ 

H fciS OJ CN 
tJiJ CN U ^ 



CX) H 

ft p4 u c; pa »r) 

0) 

C C C G CJ C C 

(C nj 03 fO fO -H (tJ 



Oi 



E E E 
P 3 3 
ffi » » 



E E ^ E 

:3 p 3 3 
» tx: s ffi 





1 1 1 












• > > 
1 1 1 








1 t 1 



[X4 

O 

Pui 
Q 

a 
o 

CO 

a 

CO 

> 



04 



M 



CO 

u 

Ct4 

u 

M 

2 



o 

U4 

nil 

a 

t 



pa 



p Oi 

CO M 



I I 

H CD 



■i 

pa 
04 



o 
I 

"ST 



I 
I 
I 
I 
I 



CO 



Pu 

< 
i 
i 

I 
I 

» 



PL4 

pa CO 
p H 



H < 



H Q 

M M 
I I 

I ^ 
I I 

I a 



p 

H 

I 
I 

I 
I 

I 

M 

I 

•J 

w 



I 
I 
I 

I 
I 
I 



I I 

a CO 



H 

u u 
p p 
pa CO 

St 

I 1 

CO CO 



> 

1 


.J 
1 






1 
i 


1 


1 
1 
t 


1 
1 


i 




1 


t 


u 












1 






1 




i 


1 


Oi 


1 


rt: 






1 


1 


1 


1 




i 


1 


1 


1 


1 




t 


1 


1 


M 


>^ 




\ 


1 


1 


>^ 


H 






> 




X 












♦J 




1 
1 


< 
a 


1 


1 

a 


oli 




u 






•J 






♦J 


Eh 


1 






1 
1 


s 

1 


1 


1 

>^ 


1 


1 

>H 


>H 


I 


H 

M 


1 
1 


1 


1 

PL4 


M 


•J 


CO 


CO 


CO 


>H 


[t4 








1 


U 




CO 


1 


1 


H 


M 








»J 








pa 




CO 


O4 


1 


i 


ca 


CO 










04 


1 


O4 


CO 






> 




M 


1 


1 







pa 


pq 












0: 


Pi 
























AMR 


H 

ii^i 


H 










M 






CM 






GO 


^^ 


VD 




U 






ro 


fc^i 


in 








Pi 






CI4 




u 


U 


pa 
















0) 


•H 




c 


C2 


c 


c: 


d 




fd 




m 


m 


05 




XI 


E 


E 


E 


i 


E 










3 




D 




Oi 















i 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCTAJS99/23010 



8/13 



a 



u 
Pi S 

M 

o 

Q 



Pt4 



I >^ >^ 

I Q Q 
O Cu 

I hq S 

>H CO w 

0 W H 
I > > 

H W O 

CO 04 04 

1 04 

I H 
I 
I 

Q • 



I 
I 
I 
I 

04 

0» 



I 
I 

< 

I 



ii4 

I 
I 
I 



I 

X 
I 
I 



< < 
> 

I 



H 
I 



o: 



0^ 



Q 



CO 



I 



< 







Ei4 


1 






O 


1 Q 






Q 








s 


1 M 




1 




1 Da 


CO 


H 




• pc: 


[X] 








CO 


O 




• M 



M CO 



H 

oi 
I 



I 

I 



I 

CO CO 



Q 



I I 

H H 

CO CO 

I I 

CO u 

I I 

I I 

> 

I 



h3 



U Cx3 U 

a < I 

CO a o 

Oi Oi cu 



> 

I 

I 

I 

I 

I 
I 
I 

X 
Q 
H 



O 
Cd 



2 

I 



Q 
Oi 



X 

CO H U 
> 
I 
I 

o 



I I I 

I I I 

> > > 

CO CO CO 

I I I I I 

M M M M |JJ 



0 Da 

1 I 
X CD 



CO CO 
I I 
I I 



CO 
I 

H 
CO 

S " 

M M M > 



Ct4 

p 

3 



CO 



C23 U 



pq CO 

1^ J 



04 O^ K< 

Du h3 3 

CO CO CO 

04 a o 

5ii M 



&U M ^ 

I I 

CO 0< H 



1 


Ci3 






H 


a 


Q 


1 


Cx] 










M 


H 


M 




1 






U 


w 






5C 








KH 




EW 


EW 


oi 




Q 


Cx] 


CO 




M 


M 




04 




H 


a: 


»4 




ffi 




Q 


Q 






Q 


0:: 


Di 






CO 


Cx3 


Oi 


W 


PQ 


Q 


H 




(X4 




04 




CO 






Cl4 


o 




OH 


H 
1 


YD 


PD 


KE 


O. 
1 


04 


KI 




OP 




O4 


• * 




1 


Oi 




i 




04 


1 Pi 






r 



04 

M 

H 
CD 
S 

o 

CO 

M 
O CO 

I 

CO 



H 

o: 
04 

M 



0< 



O CO 

04 



CO 



n I 



Oi Oi 

U S 

01 S3 ^ 

2 H H 
^ 

H fcii liii CN CN 

VO CN C; Ji^ 

in ''d* 

O4 O4 u o 

•H c d a d 

jQ m (d m m 

X) e E g g 

m s :3 3 

C3^ — — 



S S ffi 



H GO rH 

^ m ^ 

Oi a s 
c: c 



£ S 32 







pq 














Oi 


Oi 


























pa 


Pi 


H 


H 










AMR 


H 








CM 


H 


CO H 


H 




vo 




u 


4^ 










LO 








Oi 








O4 




0 


0 


pa 






4J 












(U 


4J 


•H 






C 


d 


d 


d d 


-H 




(0 


(0 


m 






•H m 






E 


1 


a 






M £ 












1 


1 










ac 













pa PQ 
Oi oi 



Ui ^ 

tii fc(i CNJ H CX5 H 

VD C>] ^ t>ei CO Ui 

in ^ Oi O4 12 

a Oi o pa F5 

d d d d c d 

(TJ (C fd (tJ -H (d 

B B B B U B 

:3 13 3 p 3 3 

q: m rc s s ^ ffi 



pa 
Oi 

Oi < 
1^ 

^ VO 

in 
•H d 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23D10 



9/13 



U CO 



w 
o 

Q 

w 

cn 04 
o 

> 



0^ 



M 




M 














in 




in 








a 


4J 












-H 








X) 


m 




§ 


JQ 


i 


(0 




(0 




a: 









SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23010 



10/13 



55 V? r^P S 

Ul ^ 4^ CUM CP 




Testis 

Spleen 

Kidney 

Liver 
Lung 
Heart 

l\/lidbrain 

Tlialamus 

Hippocampus 

IMedulla 

Cerebral cortex 
Cerebellum 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23010 



11/13 




SUBSTITUTE SHEET (RULE 26) 



wo 00/20567 



PCT/US99/23010 



SEQ ID NO: 5 '"'^ 

ATGGAAAAATATGAGAACCTTGGATTGGTTGGAGAAGGGAGTTATGGAATGGTGATGAAGT 

GTAGGAATAAAGATAGTGGAAGAATTGTGGCCATCAAGAAGTTCCTAGAAAGTGATGATGA 

a^AAATGGTTAAAAAAATTGCTATGCGAGAAATCAAGTTACTAAAGO^CTGAGGCATGA^ 

AATTTGGTGAATCTGTTGGAGGTGTGTAAAAAAAAAAAACGATGGTACCTAGTCTTTGAAT 

TTGTTGACCACACGATTCTTGATGACTTGGAACTCTTTCCAAATGGACTAGATGACC^ 

AGTTCAAAAGTATTTGTTTCAGATTATTAATGGAATTGGATTTTGTCACAGTCACAATATC 

ATACATAGAGATATAAAGCCAGAGAATATATTGGTCTCCCAGTCTGGCGTTGTCAAGTTAT 

GTGATTTTGGATTTGCACGGACACTGGCAGCTCCCGGAGAGGTTTACACTGATTATGTGGC 

AACTCGATGGTACAGAGCTCCAGAACTACTGGTTGGTGATGTCAAGTATGGCAAAGCTGTG 

GATGTGTGGGCCATTGGTTGTCTGGTAACTGAAATGCTCATGGGGGAACCCCTGTTTCCTG 

GAGACTCTGATATTGATCAGCTTTATCTTATTATGAGGTGTTTAGGTAATCTAATTCCAAG 

ACACCAGGAGCTTTTTTATAAAAATCCTGTGTTTGCTGGAGTAAGGTTGCCTGAAATCAAG 

GAATCAGAACCTCTTGAAAGACGCTATCCCAAGCTCTCAGAAGTTGTGATAGATTTAGCAA 

AGAAATGCTTACATGTTGACCCAGACAAAAGGCCCTTCTGTGCTGAGCTCCTACACCATGA 

TTTCTTTCAGATGGATGGATTTGCTGAGCGGTTTTCTCAGGAACTACAGATGAAAGTACAG 

AAAGATGCCAGAAATATATCTTTATCTAAAAAATCCCAGAACAGAAAGAAGGAAAAGGAAA 

AGGATGATTCCTTAGGCGAAGAAAGAAAAACACTAGTGGTACAGGATACCAATGTTGACTC 

CAAATTTAAGGATTCTAAAGTATTTAAAATAAAAGGATCAAAAATTGATGGAGAAAAAGTT 

GACAAAGGCAATAGAGCAGCTGTCTCCATGACAGTGGGACCAAGCCACATCAAAGCAGTGC 

CTTCCACAAGCCTCAGAGACTGCAGCAATGTCAGTGTGGATCACACAAGGAATCCAGGCAT 

GGCCATTCCCCGCCTTACGCACAATCTTTCTGCAGTTGCTCCTGGAATTAATTCTGGAATG 

GGGACTATCCCAGGAGTTCAGAGTTACAGAGTGGATGAGAAGACTAAGAAGTATTGTATTC 

CATTTGTTAAGCCAAATAAACATTCTCCATO^GGCATTTATAATATGAATGTGACCa^ 

AGTCTCCAGTGAAAAGAACCTCCTTCAGGCAAACAAGAAAAGAGGGGAGTACTCCT^ 

GATGTCCGTTTGCCTGAACTAAACTATAATCATCTCCCTGAACTAAGAGCCTTGGAAGGCA 

TTGCTCGAAATTCTAGGCTCATAAGAAAGGAGAACAAAATTCTTTCAGAATCTCGAATTCC 

TTCTCTGGCTGCCATTGACCTGCACACACCCAACATTGCAGTACATCAGGTGTCAGGATCT 

CCCCTGTCAGATGGTTCAGAGGCCGATTCGCCTTGGATGGAGCACCAGCAC 
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